This paper presents a set of methodologies and algorithms to create WordNets following the expand model. We explore dictionary and BabelNet based strategies, as well as methodologies based on the use of parallel corpora. Evaluation results for six languages are presented: Catalan, Spanish, French, German, Italian and Portuguese. Along with the methodologies and evaluation we present an implementation of all the algorithms grouped in a set of programs or toolkit. These programs have been successfully used in the Know2 Project for the creation of Catalan and Spanish WordNet 3.0. The toolkit is published under the GNU-GPL license and can be freely downloaded from http: //lpg.uoc.edu/wn-toolkit.
Introduction
WordNet (Fellbaum, 1998 ) is a lexical database that has become a standard resource in Natural Language Processing research and applications. The English WordNet (PWN -Princeton WordNet) is being updated regularly, so that its number of synsets increases with every new version. The current version of PWN is 3.1, but in our experiments we are using the 3.0 version because is the latest one available for download at the time of performing the experiments.
WordNet versions in other languages are also available. On the Global WordNet Association 1 website, a comprehensive list of WordNets available for different languages can be found. The Open Multilingual WordNet project (Bond and Kyonghee, 2012) provides free access to WordNets in several languages in a common format. We have used the WordNets from this project for 1 www.globalwordnet.org Catalan (Gonzalez- Agirre et al., 2012) , Spanish (Gonzalez- Agirre et al., 2012) , French (WOLF) (Sagot and Fišer, 2008) , Italian (Multiwordnet) (Pianta et al., 2002) and Portuguese (OpenWN-PT) (de Paiva and Rademaker, 2012) . For German we have used the GermaNet 7.0 (Hamp and Feldweg, 1997) , freely available for research. In Table 1 , the sizes of all these WordNets are presented along with the size of the PWN. 
The expand model
According to (Vossen, 1998) , we can distinguish two general methodologies for WordNet construction: (i) the merge model, where a new ontology is constructed for the target language; and (ii) the expand model, where variants associated with PWN synsets are translated using different strategies.
Dictionary-based strategies
The most commonly used strategy within the expand model is the use of bilingual dictionaries. The main difficulty faced is polysemy. If all the variants were monosemic, i.e., if they were assigned to a single synset, the problem would be simple, as we would only need to find one or more translations for the English variant. In Table 2 we can see the degree of polysemy in PWN 3.0. As we can see, 82.32% of the variants of the PWN are monosemic, as they are assigned to a single synset. It is also worth observing the percentage of monosemic variants that are written with the first Table 3 : Number of monosemic variants with the first letter in uppercase or lowercase
These figures show us that a large percentage of a target WordNet can be implemented using this strategy. We must bear in mind, however, that using this methodology, we would probably not be able to obtain the most frequent variants, as common words are usually polysemic.
The Spanish WordNet (Atserias et al., 1997) in the EuroWordNet project and the Catalan WordNet (Benítez et al., 1998) were constructed using dictionaries.
With the dictionary-based strategy we will only be able to get target language variants for synsets having monosemic English variants, i.e. English words assigned to a single synset.
Babelnet
BabelNet (Navigli and Ponzetto, 2010 ) is a semantic network and ontology created by linking Wikipedia entries to WordNet synsets. These relations are multilingual through the interlingual relations in Wikipedia. For languages lacking the corresponding Wikipedia entry a statistical machine translation system is used to translate a set of English sentences containing the synset in the Semcor corpus and in sentences from Wikipedia containing a link to the English Wikipedia version. After that, the most frequent translation is detected and included as a variant for the synset in the given language.
Similarly to WordNet, BabelNet groups words in different languages into sets of synonyms, called Babel synsets. Babelnet also provides definitions or glosses collected from WordNet and Wikipedia. For cases where the sense is also available in WordNet, the WordNet synset is also provided. We can use Babelnet directly for the creation of WordNets for the languages included in Babelnet (English, Catalan, Spanish, Italian, German and French) . For other languages, we can also exploit Babelnet through the Wikipedia's interlingual index.
Recently Babelnet 2.0 was released. This version includes 50 languages and uses information from the following sources: (i) Princeton WordNet, (ii) Open Multilingual WordNet, (iii) Wikipedia and (iv) OmegaWiki. a large collaborative multilingual dictionary.
Prelimiary results using this new version of Babelnet will be also shown in section 3.3.4.
With the Babelnet-based strategy we can get the target language variants for synsyets having both monosemic and polisemic English variants, that is, English words assigned to one or more synsets.
Parallel corpus based strategies
In some previous works we presented a methodology for the construction of WordNets based on the use of parallel bilingual corpora. These corpora need to be semantically tagged, the tags being PWN synsets, at least in the English part. As this kind of corpus is not easily available we explored two strategies for the automatic construction of these corpora: (i) by machine translation of sense-tagged corpora (Oliver and Climent, 2011) , (Oliver and Climent, 2012a ) and (ii) by automatic sense tagging of bilingual corpora (Oliver and Climent, 2012b ).
Once we have created the parallel corpus, we need a word alignment algorithm in order to create the target WordNet. Fortunately, word alignment is a well-known task and several freely available algorithms are available. In previous works we have used Berkeley Aligner (Liang et al., 2006) . In this paper we present the results using a very simple word alignment algorithm based on the most frequent translation. This algorithm is available in the WN-Toolkit.
With the parallel corpus based strategy we can get the target language variants for synsyets having both monosemic and polisemic English variants, that is, English words assigned to one or more synsets.
Machine translation of sense-tagged corpora
For the creation of the parallel corpus from a monolingual sense-tagged corpus, we use a machine translation system to get the target sentences. The machine translation system must be capable of performing a good lexical selection, that is, it should select the correct target words for the source English words. Other kinds of translation errors are less important for this strategy.
Automatic sense-tagging of parallel corpora
The second strategy for the creation of the corpora is to use a parallel corpus between English and the target language and perform an automatic sense tagging of the English sentences. Unfortunately word sense disambiguation is a highly error-prone task. The best WSD systems for English using WordNet synsets achieve a precision score of about 60-65% (Snyder and Palmer, 2004; Palmer et al., 2001 ). In our experiments we have explored two options: (i) the use of Freeling and UKB (Padró et al., 2010b) and (ii) Word Sense Disambiguation of multilingual corpora based on the sense information of all the languages (Shahid and Kazakov, 2010) . We have used Freeling (Padró et al., 2010a ) and the integrated UKB module (Agirre and Soroa, 2009 ) to add sense tags to a fragment of the DGT-TM corpus (Steinberger et al., 2012) . Before using this algorithm we have evaluated its the precision by means of automatically sense tag some sense tagged corpora: Semcor, Semeval2, Semeval3 and the Princeton WordNet Gloss Corpus (PWGC). After the automatic sense-tagging is performed, the tags are compared with those in the manually sense tagged-version. In Table 4 we can see the precision figure for each corpus and pos. As we can see, there is a great difference in precision. This difference can be explained by the complimentary values given in the table: the degree of ambiguity in the corpus and the percentage of open class words that are tagged in the corpus. As we can observe, the better precision value is achieved by the PWGC, having the smaller degree of ambiguity and the smaller percentage of tagged words. By contrast, the worse precision is achieved by the Semeval3 corpus, which has the highest degree of ambiguity and the highest percentage of tagged words.
We have also explored a word sense disambiguation strategy based on the sense information provided by a multilingual corpus, following the idea of (Ide et al., 2002) . We have used the DGT-TM Corpus (Steinberger et al., 2012) in six languages: English, Spanish, French, German, Italian and Portuguese. We have sense tagged all the languages with no sense disambiguation, that is, giving all the possible senses to all the words in the corpus present in the WordNet versions for these languages. With all this sense information the Word Sense Disambiguation task consists of comparing the synsets in all languages for the same sentence, and taking the sense appearing the most times. Using this strategy some degree of ambiguity is still present after disambiguation. For example, for English the average number of synsets for tagged words before disambiguation is 5.96 (16.05% of the tagged words are unambiguous), and, after disambiguation, this figure is reduced to 2.46 (55.5% of the tagged words are unambiguous).
We have manually evaluated a small portion of this disambiguation strategy for the English DTG-TM corpus, obtaining a precision of 51.25%, very similar to the worst results for the Freeling+UKB strategy. One of the problems of the practical use of the multilingual word sense disambiguation strategy is the sensitivity of the methodology on the degree of development of the target WordNets. It is very important that the target WordNets used for tagging the target language corpora have registered all the senses for a given word. If this is not the case, we will get the wrong results.
3 The WN-Toolkit
Toolkit description
The toolkit we present in this paper collects several programs written in Python. All programs must be run in a command line and several parameters must be given. All programs have the option -h to get the required and optional parameters. The toolkit also provides some free language resources. The toolkit is divided in the following parts: (i) Dictionary-based strategies; (ii) Babelnet-based strategies, (iii) Parallel corpus based strategies and (iv) Resources, such as freely available lexical resources, pre-processed corpora, etc.
The toolkit can be freely downloaded from http://lpg.uoc.edu/wn-toolkit.
In the rest of this section, each of these parts of the toolkit are presented, along with the results of the experiments of WordNet extraction for the following languages: Catalan, Spanish, French, German, Italian and Portuguese. The evaluation of the Ambiguity % tagged w. 3.2 Dictionary-based strategies
Introduction
Using this strategy we can obtain variants only for the synsets having monosemic English variants. We can translate the English variants using different kinds of dictionaries (general, encyclopedic and terminological dictionaries). We then assign the translations to the synset of the target language WordNet. The WN-Toolkit provides several programs for the use of this strategy:
• createmonosemicwordlist.py: for the creation of the lists of monosemic words of the PWN. Alternatively, it is possible to use the monosemic word lists corresponding to the PWN version 3.0 distributed with the toolkit.
• wndictionary.py: using the monosemic word list of the PWN and a bilingual dictionary this program is able to create a list of synsets and the corresponding variants in the target language.
• wiktionary2bildic.py: this program creates a bilingual dictionary suitable for use with the program wndictionary.py from the xml dump files of Wiktionary 2 .
• wikipedia2bildic.py: this program creates a bilingual dictionary suitable for the use with the program wndictionary.py from the xml dump files of the Wikipedia 3 .
• apertium2bildic.py: this program creates a bilingual dictionary suitable for the use with the program wndictionary.py from the transfer dictionaries of the open source machine translation system Apertium 4 (Forcada et al., 2009 ). This resource is useful for Basque, Catalan, Esperanto, Galician, Haitian Creole, Icelandic, Macedonian, Spanish, Welsh and Icelandic, as there are available linguistic data for the translation system between English and these languages.
• combinedictionary.py: this program allows for the combination of several dictionaries, creating a dictionary with all the information from every dictionary, eliminating the repeated entries.
Experimental settings
We have used this strategy for the creation of WordNets for the following 6 languages: Catalan, Spanish, French, German, Italian and Portuguese. We have used Wiktionary and Wikipedia for all these languages and we have explored the use of additional resources for Catalan and Spanish. In Table 5 we can see the number of entries of the dictionaries created with the toolkit for all six languages using Wiktionary and Wikipedia. 
Results and evaluation
In Table 6 we can see the results of the evaluation of the dictionary-based strategy using Wiktionary. Table 7 : Evaluation of the dictionary based strategy using Wikipedia
We have extended the dictionary-based strategy for Catalan using the transfer dictionary of the open source machine translation system Apertium along with Wikipedia and Wiktionary. The resulting combined dictionary has 65,937 entries. This made it possible to create a new WordNet with 11,970 entries with an automatic calculated precision of 75.75%. We have manually revised 10% of the results for Catalan and calculated a corrected precision of 92.86% (most of the non-evaluated variants were correct and some of those evaluated as incorrect were correct too).
As we can see from Tables 6 and 7 the number of extracted variants from Wikipedia is smaller than the extracted from Wiktionary, although the dictionary extracted from Wikipedia is 3 or 4 times larger. This can be explained by the percent of encyclopedic-like variants in English WordNet, that can be calculated counting the number of noun variants starting by a upper-case letter. Roughly 30% of the nouns in WordNet are encyclopaedic variants, and this means about the 20% of the overall variants.
Babelnet-based strategies 3.3.1 Introduction
The program babel2wordnet.py allows us to create WordNets from the Babelnet glosses file. This program needs as parameters the two-letter code of the target language and the path to the Babelnet glosses file. With these two parameters, the program is able to create WordNets only for the languages present in Babelnet (in fact the program simply changes the format of the output). The program also accepts an English-target language dictionary created from Wikipedia (using the program wikipedia2bildic.py). This parameter is mandatory for target languages not present in Babelnet, and optional for languages included in Babelnet. The program also accepts as a parameter the data.noun file of PWN, useful for performing caps normalization.
Experimental settings
For our experiments we have used the 1.1.1 version of Babelnet, along with the dictionaries extracted from Wikipedia as explained in section 3.2.2. We used the babel2wordnet.py program using the above-mentioned dictionary and the caps normalization option.
Results and evaluation
In Table 8 we can see the results obtained for Catalan, Spanish, French, German and Italian without the use of a complementary Wikipedia dictionary. Note that no values are presented for Portuguese, as this language is not included in Babelnet. For all languages, the precision values are calculated automatically taking the existing WordNets for these languages described in Table 1 as references. Table 9 shows the results using the optional Wikipedia dictionary. Note that now results are presented for Portuguese, although this language We have manually evaluated 1% of the results for Catalan and we obtained a corrected precision value of 89.17%
Preliminary results using Babelnet 2.0
In Table 10 preliminary results using the Babelnet 2.0 are shown. Please, note that precision values for Catalan, Spanish, French, Italian and Portuguese are marked with an asterisk, indicating that these values can not be considered as correct. The reason is simple, we are automatically evaluating the results with one of the resources used for constructing the Babelnet 2.0. Remember than one of the resoures for the construction of Babelnet 2.0 are the WordNet included in the Open Multilingual WordNet, the same WordNet used for automatic evaluation. Figures of new variants Table 10 : Evaluation of the Babelnet-based strategy using Babelnet 2.0 Anyway, Babelnet 2.0 can be a good starting point for constructing WordNets for 50 languages. The algorithm for exploiting the Babelnet 2.0 for WordNet construction is also included in the WNToolkit. Please, note that this algorithm simply changes the format of the Babelnet file into the Open Multilingual Wordnet format.
Parallel corpus based strategies

Introduction
The WN-Toolkit implements a simple word alignment algorithm useful for the creation of WordNets from parallel corpora. The program, called synset-word-alignement.py, calculates the most frequent translation found in the corpus for each synset. We must bear in mind that the parallel corpus must be tagged with PWN synsets in the English part. The target corpus must be lemmatized and tagged with very simple tags (n for nouns; v for verbs; a for adjectives; r for adverbs and any other letter for other pos).
The synset-word-alignment program uses two parameters to tune its behaviour:
• The i parameter forces the first translation equivalent to have a frequency at least i times greater than the frequency of the second candidate. If this condition is not achieved, the translation candidate is rejected and the program fails to give a target variant for the given synset.
• The f parameter is the greater value for the ratio between the frequency of the translation candidate in the target part of the parallel corpus and the frequency of the synset in the source part of the parallel corpus.
Experimental settings
For our experiments we have used two strategies for the creation of the parallel corpus with sense tags in the English part.
• Machine translation of sense-tagged corpora. We have used two corpora: Semcor and Princeton WordNet Gloss Corpus. We have used Google Translate to machine translate these corpora to Catalan, Spanish, French, German, Italian and Portuguese.
• Automatic sense tagging of parallel corpora, using two WSD techniques: (i) WSD using multilingual information and (ii) Freeling + UKB. We have used a 118K sentences fragment of the DGT-TM multilingual corpus (available in English, Spanish, French, German, Italian and Portuguese, but not in Catalan). We have chosen this number of sentences to have a corpus of a similar size to the Princeton WordNet Gloss Corpus
For our experiments we have set the parameter i to 2.5 and the parameter f to 5.
Results and evaluation
In Table 11 and 12 we can see the results for the use of machine translation of Semcor an PWGC. As we can see, the precision figures are very similar for both corpora, but the number of extracted variants is greater for the PWGC, due to the larger size of the corpus. We have manually evaluated 20% of the results for Catalan. In the case of Semcor we have calculated a corrected value of 94.74%, whereas for PWGC corpus we have obtained a corrected value of 96.18%. In Table 13 and 14 we can see the results for the use of automatic sense tagging for the DGT-TM corpus using a multilingual strategy and Freeling+UKB. Here the precision figures are also similar for both strategies, but the number of extracted variants is greater for the Freeling+UKB strategy. The reason is that using Freeling and UKB we can disambiguate all the ambiguous words, while using the multilingual strategy we are not able to disambiguate all of them and in some cases some degree of ambiguity remains. For the extraction process we have only considered the fully disambiguated words. If we analyse the results, we see that the extraction task has a much higher precision than the Word Sense Disambiguation strategies used to process the corpora. This may seem a little odd but we must bear in mind that we have used very restrictive values for the parameters i and f of the extraction program. These parameters allow us to extract only the best candidates, ensuring a good precision value for the extraction process, but a very poor recall value. It should be noted than for Spanish with the machine translation strategy we are getting 2,076 candidatesfor the Semcor Corpus and 4,959 for the Princeton Gloss Corpus, and we are now getting 313 candidates for the multilingual WSD strategy and 1,155 for the UKB WSD. If we force the extraction process to get 2,076 candidates, we obtain a precision value of 43.77% for the multilingual WSD strategy and 58.12% for UKB.
Resources
We are distributing some resources for several languages with the hope they can be useful to use the toolkit to create new WordNets or extend existing ones.
• Lexical resources: dictionaries created from Wiktionary, Wikipedia and Apertium transfer dictionaries.
• Preprocessed corpora: DGT-TM, Emea and United Nations Corpus from Opus 5 (Tiedemann, 2012). We have semantically-tagged the English part of the corpora with Freeling and UKB and lemmatized and tagged some of the target languages. We plan to preprocess other parallel corpora in the future.
Conclusions
We have presented the results of the automatic creation of WordNets for six languages using several techniques following the expand model. All these techniques are implemented in the freely available WN-Toolkit and have been successfully used for the expansion of the Catalan and Spanish WordNets under the Know2 project. The WordNets and the toolkit itself are being improved under the Skater Project. The successful use of this toolkit has also been reported for the Galician WordNet (Gómez Guinovart and Simões, 2013). We can analyse the coincident extracted synsets and their associated precision for Catalan in Table  15 . Here we have mixed the results for extended dictionary, Babelnet, translated PWGC and translated Semcor. The overall precision is 71.06% but, if we take into account the variants extracted using 2 or more methodologies, this precision rises up to 91.35%, although the number of extracted variants is drastically reduced. This combination of methodologies allows us to classify the extracted variants with an estimated precision value so we can obtain variants and give each variant a score. This score can be updated if the variant is obtained again using a different methodology or resource.
It's important to take into account the fact that the automatically-calculated precision value is very prone to errors, as, if a given synset having a variant lacks other possible variants and if those unregistered correct variants are extracted, the evaluation algorithm will consider them as incorrect. In Table 16 we can see the comparison between the automatic and corrected values of precision. We plan to follow the development of the WNToolkit in the following directions: (i) change the script-oriented implementation of the current version to a class-oriented implementation allowing easy integration into another applications; (ii) increasing the number of integrated freely available resources and implementing a web query based use of some resources; (iii) developing a simple graphical user interface to facilitate its use and (iv) pre-processing and distributing more freely available corpora. We also plan to use the toolkit to develop preliminary versions of WordNets for other languages.
